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(54) FUEL INJECTOR ISOLATION SEAT (57) ABSTRACT 

(76) Inventor: John M‘ Beardmore’ Howell’ MI (Us) An isolation seat assembly for a fuel injector that is at least 
partially disposed Within a stepped bore de?ned by a cyl 
inder head, the stepped bore includes a land. The isolation 
seat assembly includes a cupped spring Washer and an 
elastomeric ring member disposed between the cupped 
spring Washer and the land. The isolation seat assembly 
operates to bias the fuel injector aWay from the land to 
substantially isolate the fuel injector from the head. The 
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_ cupped spring Washer and elastomeric ring member may be 
(21) Appl' NO" 11/343,975 bonded to one another. Additionally, the isolation seat 

(22) Filed; Jam 31, 2006 assembly may include a Washer member between the elas 
tomeric ring member and the land. The Washer member 

Publication Classi?cation operates to distribute axial forces from the fuel injector to 
the land. At least a portion of the Washer member may be 

(51) Int. Cl. Crimped into engagement With the cupped spring Washer, 
F02M 61/14 (200601) thereby capturing the elastomeric ring member therein 
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FUEL INJECTOR ISOLATION SEAT 

TECHNICAL FIELD 

[0001] The present invention relates to fuel delivery sys 
tems for internal combustion engines. 

BACKGROUND OF THE INVENTION 

[0002] Fuel delivery systems for internal combustion 
engines are available in many different varieties, one of the 
more common of Which is the port fuel injection system. The 
port fuel injection system utilizes a plurality of fuel injectors 
each of Which delivers a predetermined amount of fuel to the 
inlet port of an associated combustion chamber. In such 
systems, the fuel injectors are mounted in sockets or injector 
bosses of a manifold or fuel rail, Which operates to com 
municate fuel to each of the injectors. 

[0003] Recent advances in fuel delivery and combustion 
research has alloWed direct injection, or DI, fuel delivery 
systems to increase in popularity. The DI fuel delivery 
system provides a fuel injector Within a cylinder head of the 
internal combustion engine. The DI fuel injector operates to 
inject a predetermined amount of fuel directly into the 
combustion chamber. Since gas pressures Within the com 
bustion chamber are orders of magnitude greater than that of 
the intake port, the DI fuel rail and fuel injector operate at 
a much higher fuel pressure than similar components Within 
the port fuel injection system. The DI fuel delivery system 
enables higher peak poWer levels, improved fuel economy, 
and loWer emissions. These bene?cial aspects of the DI fuel 
delivery system are a result of the precise metering of the 
fuel injected into the combustion chamber as Well as 
improved intake air?oW into the combustion chamber. 

[0004] The electromagnetic fuel injectors of the DI fuel 
delivery system deliver fuel to the combustion chamber in 
metered pulses, Which are timed to control the amount of 
fuel delivered and to coordinate such delivery With speci?c 
points of the operational cycle of the engine. The sequential 
energization of the fuel injectors may operate to induce 
pressure pulsations Within the fuel rail, Which may produce 
noise-emitting vibrations. The transmission of vibrational 
energy generated Within the DI fuel delivery system to the 
engine structure may folloW tWo paths; from the fuel injector 
to the cylinder head and from the fuel rail to the respective 
attachment point, Which is typically the cylinder head. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, the isolated fuel delivery system of 
the present invention reduces the transmission of noise 
producing, high frequency vibrations from the fuel injector 
to the engine. 

[0006] Provided is an isolated fuel delivery system 
adapted for combination With a cylinder head. The head 
de?nes a generally stepped injector bore having a land. The 
isolated fuel delivery system includes a fuel rail and a fuel 
injector, such as a direct injection fuel injector. The fuel rail 
operates to provide pressurized fuel to the fuel injector. The 
fuel injector is at least partially disposed Within the generally 
stepped injector bore. The system also provides a fuel 
injector isolation seat assembly disposed betWeen the fuel 
injector and the land. The fuel injector isolation seat assem 
bly includes a spring Washer, such as a Belleville-type 
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Washer, and an elastomeric ring member. The fuel injector 
isolation seat assembly operates to bias the fuel injector 
aWay from the land to substantially isolate the fuel injector 
from the head. 

[0007] The spring Washer and the elastomeric ring mem 
ber may be bonded together. Additionally, the elastomeric 
ring member may be suf?ciently con?gured to sealingly 
engage the fuel injector. The isolated fuel delivery system 
may further include a generally annular combustion seal. 
The fuel injector may include a body portion having a tip 
portion extending generally axially therefrom, With the tip 
portion being su?iciently con?gured to receive the generally 
annular combustion seal. A secondary seal, having a gener 
ally frusto-conical shape and formed from an elastomeric 
material, may be provided. The secondary seal is mounted 
With respect to the tip portion betWeen the body portion and 
the generally annular combustion seal. The secondary seal 
operates to sealingly engage the generally stepped injector 
bore and the tip portion. 

[0008] A Washer member may be provided betWeen the 
spring Washer and the elastomeric ring member, in combi 
nation, and the land. Additionally, at least a portion of the 
Washer member may be crimped into engagement With the 
spring Washer of the fuel injector isolation seat assembly to 
capture the elastomeric ring member therebetWeen. 

[0009] The above features and advantages and other fea 
tures and advantages of the present invention are readily 
apparent from the following detailed description of the best 
modes for carrying out the invention When taken in connec 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a partial cross sectional side elevational 
vieW of an isolated fuel delivery system having a fuel 
injector isolation seat assembly and a secondary seal con 
sistent With the present invention; 

[0011] FIG. 2a is a cross sectional side elevational vieW of 
an alternate embodiment of the isolation seat assembly 
shoWn in FIG. 1; and 

[0012] FIG. 2b is a cross sectional side elevational vieW of 
an alternate embodiment of the isolation seat assembly 
shoWn in FIG. 2a. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0013] Referring to the draWings Wherein like reference 
numbers represent like components throughout the several 
?gures, there is shoWn in FIG. 1 an isolated fuel delivery 
system 10 having a fuel rail 12 and a direct injection fuel 
injector 14. The fuel rail 12 operates as a conduit to 
communicate pressurized fuel to the fuel injector 14. In the 
preferred embodiment, the fuel rail 12 Will be isolated at its 
point of attachment. Although only one fuel injector 14 is 
shoWn in FIG. 1, those skilled in the art Will recognize that 
the fuel rail 12 may operate as a manifold to provide 
multiple fuel injectors 14 With pressurized fuel. A fuel 
injector boss 16 operates to retain one end of the fuel injector 
14 With respect to the fuel rail 12, While another end of the 
fuel injector 14 is disposed Within a cylinder head 18 of an 
engine, not shoWn. The fuel injector 14 includes an injector 
seal 20, Which operates to contain pressurized fuel Within the 
fuel rail 12. 
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[0014] The cylinder head 18 de?nes a generally stepped 
injector bore 22 that is suf?ciently con?gured to receive at 
least a portion of the fuel injector 14. In the preferred 
embodiment, the fuel rail 12 Will maintain the fuel injector 
12 in relation to the cylinder head 18. The fuel injector 14 
includes a body portion 24 having a tip portion 26 extending 
axially therefrom. The injector bore 22 includes a generally 
cylindrical ?rst bore portion 28, a tWo-stage tapering bore 
portion 30, and a generally cylindrical second bore portion 
32. A circumferential land 34 is provided Within the injector 
bore 22, betWeen the ?rst bore portion 28 and the tapering 
bore portion 30. More speci?cally, the second bore portion 
32 is con?gured such that the fuel injector tip 26 can pass 
though the head 18 to communicate With a combustion 
chamber 36. 

[0015] The fuel injector 14 includes an electrical connec 
tor 38 to operatively connect the fuel injector 14 to an 
external source of electrical potential, such as an electronic 
control unit, not shoWn. The fuel injector 14 operates to 
deliver a predetermined amount of fuel, at a speci?c point in 
the engine cycle, directly to the combustion chamber 36 to 
support combustion therein. A generally annular combustion 
seal 40 is provided about the tip portion 26 and sealingly 
engages the second bore portion 32 to disalloW pressurized 
gases Within the combustion chamber 38 from traversing the 
injector bore 22. In the preferred embodiment, the combus 
tion seal 40 is formed from polytetra?uoroethylene (PTFE). 
HoWever, those skilled in the art Will recogniZe that other 
materials that possess similar heat and chemical resistance 
may be used. The combustion seal 40 relies, in part, on a 
carbon dam to e?fectively seal the injector bore. The carbon 
dam is formed When typical or normal products of combus 
tion, speci?cally carbon-based compounds, pack around the 
combustion seal 40 during operation of the engine. 

[0016] The circumferential land 34 is provided Within the 
injector bore 22 as a means to locate or index the fuel 
injector 14 Within the cylinder head 18. Disposed betWeen 
the land 34 and the fuel injector 14 is a fuel injector isolation 
seat assembly 42. The isolation seat assembly 42 includes an 
elastomeric ring member 44 and a Washer having a spring 
characteristic such as a cupped spring Washer or Belleville 
type Washer 46. The ring member 44 is suf?ciently con?g 
ured to sealingly engage the tip portion 26 and is preferably 
formed from a silicone-based material having a durometer 
value of betWeen 50 and 60 on the Shore-A scale. Silicone 
based materials typically possess favorable isolation char 
acteristics over a Wide range of temperatures. These char 
acteristics may include; loW damping, loW compression set, 
high durability, and high chemical resistive properties. 
Those skilled in the art Will recogniZe other materials may 
be used to form the ring member 44 While remaining Within 
the scope of that Which is claimed. Additionally, the ring 
member 44 may be formed from a viscoelastic material if a 
measure of damping is desired. 

[0017] The Belleville-type Washer 46 is preferably formed 
from steel and has a slight conical shape thereby giving the 
Belleville-type Washer 46 a spring-like characteristic. Those 
skilled in the art Will recogniZe that other materials may be 
used to form the Belleville-type Washer 46, such as steel, 
aluminum, composites, etc While remaining Within the scope 
of that Which is claimed. Additionally, the Belleville-type 
Washer 46 may be bonded to the ring member 44 using 
adhesives knoWn in the art. 
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[0018] In operation, the Belleville-type Washer 46 oper 
ates to bias the fuel injector 14 out of contact With the land 
34. By isolating the fuel injector 14 from the cylinder head 
18 and more speci?cally the land 34, the vibratory impulses 
of the fuel injector 14 Will be substantially isolated from the 
cylinder head 18. Multiple Belleville-type Washers 46 may 
be employed Within the isolation seat assembly 42 to derive 
unique load-de?ection characteristics for the isolation seat 
assembly 42. For example, stacking multiple Belleville-type 
Washers 46 in the same direction, i.e. “nesting”, Will add 
additional spring rate in parallel, thereby creating a stilfer 
isolation seat assembly 42 for a given de?ection. Alternately, 
stacking multiple Belleville-type Washers 46 in alternating 
directions is similar to adding the springs in series such that 
a loWer spring constant and greater de?ection of the isola 
tion seat assembly 42 is achieved. 

[0019] As the fuel pressure Within the fuel rail 12 
increases With engine load, the need to isolate the fuel 
delivery system 10 becomes less important as various other 
sounds emitted by the poWertrain are greater than those 
emanating from the fuel delivery system 10. Additionally, it 
is desirable to limit the axial movement of the fuel injector 
14 Within the injector bore 22 for operating regions Where 
isolation of the fuel system 10 is not required. The sti?‘ness 
or spring rate of the isolation seat assembly 42 can be chosen 
such that the isolation seat assembly 42 Will “ground” the 
fuel injector 14 to the land 34 under high engine load, high 
fuel pressure operating conditions, thereby limiting the axial 
motion of the fuel injector 14 Within the injector bore 22. 

[0020] A secondary seal 48 may be incorporated into the 
present invention. The secondary seal 48 is suf?ciently 
con?gured to sealingly engage the tip portion 26 of the fuel 
injector 14 and the tapering bore portion 30 of the injector 
bore 22. The secondary seal 48 is generally frusto-conical in 
shape and is formed from an elastomeric material. The 
secondary seal 48 and the ring member 44 each serve to limit 
the passage of gases that may have traversed the combustion 
seal 40. Additionally, the secondary seal 48 and the ring 
member 44 Working separately or in concert, function to 
decrease the pressure dilferential across the combustion seal 
40 thereby stabiliZing the combustion seal 40 and alloWing 
it to fully develop an annular seal against the second bore 
portion 32. The secondary seal 48 and the ring member 44 
may be formed integrally. 

[0021] An alternate embodiment of the isolation seat 
assembly 42, shoWn in FIG. 1, is illustrated in FIG. 2a and 
is designated as 42'. The isolation seat assembly 42' includes 
a shim or Washer 50 disposed betWeen the ring member 44 
and the land 34. The Washer 50 is preferably formed from a 
hardened metal, such as steel, and operates to evenly dis 
tribute axial thrust loads of the fuel injector 14 to the land 34. 
Additionally, the Washer 50 may serve to reduce or eliminate 
fretting Wear or damage to the land 34 as a result of relative 
movement betWeen the Belleville-type Washer 46, Which is 
formed from a hard material, and the land 34, Which is 
typically formed from a relatively softer material such as 
aluminum, 

[0022] FIG. 2b illustrates an isolation seat assembly 42", 
Which is similar to the isolation seat assembly 42' shoWn in 
FIG. 2a. The isolation seat assembly 42" includes a Washer 
50'. The outer periphery of the Washer 50' is crimped, rolled, 
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or otherwise formed over the outer periphery of the 
Belleville-type Washer 46 securing the ring member therein 
between. 

[0023] In addition to providing a measure of vibratory 
isolation to the isolated fuel delivery system 10, the isolation 
seat assemblies 42, 42', 42" operate to limit the heat transfer 
betWeen the cylinder head 18 and the fuel Within the isolated 
fuel delivery system 10. The isolation seat assemblies 42, 
42', and 42" can compensate for slight misalignment, and aid 
in the centering, of the fuel injector 14 Within the injector 
bore 22. 

[0024] While the best modes for carrying out the invention 
have been described in detail, those familiar With the art to 
Which this invention relates Will recogniZe various alterna 
tive designs and embodiments for practicing the invention 
Within the scope of the appended claims. 

1. An isolatable fuel delivery system adapted for combi 
nation With a cylinder head de?ning a generally stepped 
injector bore having a land, the isolatable fuel delivery 
system comprising: 

a fuel rail; 

a fuel injector; 

Wherein said fuel rail is operable to provide pressurized 
fuel to said fuel injector; 

Wherein said fuel injector is at least partially disposable 
Within the generally stepped injector bore; 

a fuel injector isolation seat assembly, said fuel injector 
isolation seat assembly being operatively disposable 
betWeen said fuel injector and the land; 

Wherein said fuel injector isolation seat assembly includes 
a spring Washer and an elastomeric ring member; and 

Wherein said fuel injector isolation seat assembly is 
operable to bias said fuel injector aWay from the land 
to substantially isolate said fuel injector from the head. 

2. The isolatable fuel delivery system of claim 1, Wherein 
said fuel injector is a direct injection type fuel injector. 

3. The isolatable fuel delivery system of claim 1, Wherein 
said spring Washer is bonded to said elastomeric ring mem 
her. 

4. The isolatable fuel delivery system of claim 1, Wherein 
said elastomeric ring member is su?iciently con?gured to 
sealingly engage said fuel injector. 

5. The isolatable fuel delivery system of claim 1, further 
comprising: 

a generally annular combustion seal; 

Wherein said fuel injector includes a body portion having 
a tip portion extending generally axially therefrom; 

Wherein said tip portion is suf?ciently con?gured to 
receive said generally annular combustion seal; 

a secondary seal mounted With respect to said tip portion 
betWeen said body portion and said generally annular 
combustion seal; and 

Wherein said secondary seal sealingly engages the gener 
ally stepped injector bore and said tip portion. 

6. The isolatable fuel delivery system of claim 5, Wherein 
said secondary seal has a generally frusto-conical shape. 
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7. The isolatable fuel delivery system of claim 5, Wherein 
said secondary seal is formed from an elastomeric material. 

8. The isolatable fuel delivery system of claim 1, Wherein 
a Washer member is provided betWeen said spring Washer 
and said elastomeric ring member in combination and the 
land. 

9. The isolated fuel delivery system of claim 8, Wherein 
at least a portion of said Washer member is crimped into 
engagement With said spring Washer of said fuel injector 
isolation seat assembly to capture said elastomeric ring 
member therebetWeen. 

10. An isolation seat assembly for a fuel injector that is at 
least partially disposed Within a stepped bore de?ned by a 
cylinder head, the stepped bore including a land, the isola 
tion seal comprising: 

a spring Washer; 

an elastomeric ring member disposed betWeen said spring 
Washer and the land; and 

Wherein said spring Washer and said elastomeric ring 
member are operable to bias the fuel injector aWay 
from the land to substantially isolate the fuel injector 
from the head. 

11. The isolation seat assembly of claim 10, Wherein said 
spring Washer is bonded to said elastomeric ring member. 

12. The isolation seat assembly of claim 10, Wherein a 
Washer member is provided betWeen said spring Washer and 
said elastomeric ring member in combination and the land, 
said Washer member being operable to distribute axial forces 
from the fuel injector to the land. 

13. The isolation seat assembly of claim 12, Wherein at 
least a portion of said Washer member is crimped into 
engagement With said spring Washer, thereby capturing said 
elastomeric ring member therebetWeen. 

14. The isolation seat assembly of claim 10, Wherein said 
elastomeric ring member is su?iciently con?gured to seal 
ingly engage the fuel injector. 

15. An isolated direct injection fuel delivery system 
comprising: 

a fuel rail; 

a direct injection fuel injector; 

Wherein said fuel rail is operable to provide pressurized 
fuel to said direct injection fuel injector; 

Wherein said direct injection fuel injector is at least 
partially disposed Within a generally stepped injector 
bore, said generally stepped injector bore being de?ned 
by a cylinder head; 

Wherein said generally stepped injector bore includes a 
land; 

a fuel injector isolation seat assembly, said fuel injector 
isolation seat assembly being operatively disposed 
betWeen said direct injection fuel injector and said land; 

Wherein said fuel injector isolation seat assembly includes 
a cupped spring Washer and an elastomeric ring mem 
ber; and 

Wherein said fuel injector isolation seat assembly is 
operable to bias said direct injection fuel injector aWay 
from said land to substantially isolate said direct injec 
tion fuel injector from said head. 
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16. The isolated direct injection fuel delivery system of 
claim 15, further comprising: 

a generally annular combustion seal; 

Wherein said direct injection fuel injector includes a body 
portion having a tip portion extending generally axially 
therefrom; 

Wherein said tip portion is suf?ciently con?gured to 
receive said generally annular combustion seal; 

a secondary seal having a generally frusto-conical shape, 
said secondary seal being mounted With respect to said 
tip portion betWeen said body portion and said gener 
ally annular combustion seal; and 
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Wherein said secondary seal sealingly engages said gen 
erally stepped injector bore and said tip portion. 

17. The isolated direct injection fuel delivery system of 
claim 15, Wherein a Washer member is provided betWeen 
said elastomeric ring member and said land. 

18. The isolated direct injection fuel delivery system of 
claim 15, Wherein at least a portion of said Washer member 

is crimped into engagement With said cupped spring Washer, 
thereby capturing said elastomeric ring member therein 
betWeen. 


